Background. Consumer nutrition environment measures are important to understanding the food environment, which affects individual dietary intake. A nutrition environment measures survey for supermarkets (NEMS-S) has been designed on paper for use in Guatemala. However, a paper survey is not an inconspicuous data collection method.
Introduction
As the prevalence of overweight and obesity continues to increase in low-and middle-income countries, a better understanding of how the food environment may affect individual behavior is critical. To better assess the consumer nutrition environment, Glanz et al. designed and validated the nutrition environment measures survey for stores (NEMS-S) [1] . The original reference NEMS-S was designed for a paper-based survey in English to assess the consumer nutrition environment in US supermarkets [1] . The original reference NEMS-S collects data about the availability, price, and quality of 11 different food measures that represent high sources of fat and calories in the diet according to the US National Health and Nutrition Examination Survey (NHANES), namely, milk, some fruits, some vegetables, hot dogs, ground beef, frozen dinners, baked goods, beverages (soda, juice), bread, chips, and cereals.
The implementation of the NEMS-S in low-and middle-income countries is limited, which may be related to the fact that the original reference NEMS-S is in English and is designed to accommodate store prices in US dollars and common US food brands [2] [3] [4] . However, paper-based surveys are not an inconspicuous data collection method. Research in stores may be hindered or halted due to the use of conspicuous data collection methods, such as large, paper-based surveys. Large, paper-based surveys, especially those in two languages, may add time to data collection if the data collector has to flip through multiple pages to complete one section. Therefore, research tools, such as mobile phones, which are also used by nonresearchers, have the potential to be a more inconspicuous tool that does not elicit as much attention.
As the number of cellular phone users has increased dramatically in low-and middle-income countries during the beginning of the 21st century, mobile phones have emerged as a potential low-cost data collection method [5] [6] [7] . Mobile phone applications may be designed in multiple languages and may reduce data collection costs related to photocopying and data entry. However, the use of mobile phone applications in public health nutrition research, particularly in lowand middle-income countries, remains limited. To our knowledge, the NEMS-S has not been designed in any form for use in a mobile phone application.
The limitations of the original reference NEMS-S in a low-and middle income country are related to its design for use in the United States context, in that the survey is in English, solicits store prices in US dollars, and utilizes common US food brands. To overcome these limitations, we modified the original reference NEMS-S for use in Guatemala. The Guatemala NEMS-S is similar to the original reference NEMS-S in that it includes the same food measures, but it has been modified to use prices in the Guatemalan currency (quetzales), food weights in grams, food brand names commonly found in Guatemala, and common foods in the Guatemalan diet (boxed milk, pineapple, papaya, plums, green beans, zucchini, chayote squash, guicoy squash, radish, avocado, and canned black beans). In Guatemala, as in many low-and middle-income countries, there is a need for low-cost research tools that are inconspicuous and can be utilized in multiple languages. Therefore, we designed a Guatemalan NEMS-S in the form of a mobile phone application to evaluate the feasibility of the Guatemalan NEMS-S mobile application as a data collection method compared with the paper version in a low-and middle-income country setting.
Methods

Mobile phone application design and use in the field
The mobile phone application (mobile app) for this study was designed using CommCare [8] .
CommCare is an open-source, mobile, secure Web-based software program for electronic data capture provided by the private company Dimagi [8] . CommCare is offered at two main resource levels: as a free resource for developing small projects, as was utilized in this study, and as a paid service for larger project development and support [8] . However, free support is provided to all CommCare users through a community-supported Google group and Wikipedia page that is also updated by the Dimagi team. To design a mobile app using CommCare, CommCare consists of two related components: the CommCare Web-based software program to make customizable data entry forms (surveys), and the CommCare mobile app that is then downloaded to mobile devices to be used for data entry once the surveys have been made in the CommCare website [8] . A person or group from the research team can create and design the data entry forms for free on the CommCare website or may pay Dimagi to do so. Similar to paper-based surveys, forms designed in CommCare may accommodate many different question types (such as number, binary, and open-ended text), skip patterns, and pictures or other multimedia to accompany the questions. Furthermore, questionnaires may be designed in CommCare in multiple languages, including local dialects entered by the developer. Data collectors can easily switch between languages on the mobile app if necessary during data collection without having to exit or jeopardize data. Designing data entry forms through the CommCare website does not require much technical experience or any previous knowledge of programming. We used the CommCare Web-based program to design our Guatemala NEMS-S in the form of a mobile app in both English and Spanish. The NEMS website hosted by the University of Pennsylvania provides free access to all materials and on-line training related to the original reference NEMS-S and offers NEMS consulting at a cost [4] . In preparation for designing a modified NEMS-S for Guatemala, we contacted the NEMS team at the University of Pennsylvania, who supported and encouraged our research initiative. The Guatemala NEMS-S in the paper-based or mobile app version is available by contacting the study investigators.
When the data entry forms have been fully designed on the CommCare website and are ready for use in the field, the free CommCare mobile app may be downloaded by anyone for free as long as it is downloaded onto a compatible Android mobile phone. After the CommCare mobile app is installed on a mobile phone, the data entry forms designed in the CommCare website are accessed through the mobile app through an assigned username and password. Data collection using forms designed in CommCare is ideal for use in low-and middle-income countries because it does not require a working 3G cellular or Internet (WiFi) connection at the time of data entry. However, a cellular or Internet connection is required to upload the collected data to the secure cloud-based database, which takes less than 5 minutes to upload or update. Any time that the administrator edits the forms on the CommCare website, the CommCare mobile app will automatically update the next time the user signs in using a cellular 3G or Internet connection.
An administrator, such as the study coordinator, must be assigned to provide data collectors with usernames and passwords to be able to access the survey through the free CommCare mobile app. CommCare is user friendly, given that the user has some experience using a smart phone (e.g., selecting buttons) and an understanding of the different question formats (i.e., text versus integer) to be able to select questions and answer in the required format. For this study, the CommCare program with the Guatemala NEMS-S was downloaded onto two Android mobile phones.
NEMS-S rater training and certification
NEMS training is made available for free on-line for the reference NEMS store (NEMS-S) and restaurant surveys (NEMS-R) [4] . Users register for the training course and set up a username and password to log into the training modules. For the purpose of this study, the NEMS-S training consists of seven intensive on-line modules and a fieldwork practice component. After completing the on-line training and fieldwork, which requires approximately 13 hours in total, individuals are eligible to gain certification for the NEMS-S. For this study, two data collectors (raters) completed the NEMS-S training and became certified NEMS-S raters. These certified raters then conducted a pilot study of the reference NEMS-S in Quetzaltenango, the second largest city in Guatemala. The results of this pilot study informed subsequent modifications of the original reference NEMS-S for use in Guatemala that became the Guatemala NEMS-S. After the development of the mobile app, the other rater was still required to go through the on-line training and fieldwork component.
Pilot test: Feasibility evaluation and application refinement
One certified NEMS-S rater was asked to go into a large Guatemalan supermarket and test the feasibility of the Guatemala NEMS-S mobile app. Based on the recommendation from the NEMS-S on-line training, the rater did not ask the permission of the store management but had an institutional letter on hand that described the research to show if the rater was approached. The rater did not experience any problems having a mobile phone in the supermarket, whereas on past occasions, supermarket managers had questioned the presence of a paper-based survey. We also evaluated and confirmed that data entry could reliably take place without either a cellular or an Internet signal in the supermarket. Furthermore, the mobile app was tested to make sure it accurately reflected the paper-based Guatemala NEMS-S. Minor changes were subsequently made to the mobile app that better reflected the order in which data are collected in the paper-based survey.
Measurement performance
Three raters were asked to go to another large Guatemalan supermarket. Two raters (one a certified NEMS-S rater and one not) collected Guatemala NEMS-S data using the mobile app, and one certified NEMS-S rater used the paper-based version for data collection. As in the pilot test, permission was not requested from store management, but a letter was on hand in case the management approached any rater during data collection. In this study, we employed two experienced and certified NEMS-S raters and one who was not a certified NEMS-S rater (this rater had been trained in NEMS methods but had not yet received certification because the data analysis modules had yet to be completed) to see if having previous experience with the paper version affected the use and performance of the mobile app. The two certified raters had extensive experience with the paper version, whereas the rater who had not yet received certification had experience only with the mobile version. All raters independently conducted the survey in the supermarket and returned 1 week later to the same supermarket at the same hour for a second round of data collection. The measurement performance of the mobile app was determined by assessing both its validity and its reliability. The validity of the mobile app was assessed by comparing the results with those from the paper-based version. We calculated both the percent agreement and Cohen's kappa score to determine both the interrater and the test-retest reliability of the novel data collection instrument. All statistical analyses were performed with Stata, version 12.0 SE.
Results
Feasibility
Two raters successfully completed all Guatemala NEMS-S measures within the mobile app on two separate occasions. Later, with an Internet signal, all data were successfully uploaded to the secure cloudbased CommCare server. Furthermore, raters were able to complete NEMS-S data collection on the mobile phones without any major problems with store managers or staff. The noncertified NEMS-S rater was asked if she needed any help to find products and was told she should not record prices but was left to continue.
Measurement performance
On the first day of data collection, between the two certified NEMS-S raters, the mobile app took longer to complete than the paper version, but on the second day the mobile app surpassed the paper version (35 vs. 40 minutes) (table 1). On both days of data collection, the interrater reliability comparing the paper-based version with the mobile app version was very high (percent agreement > 90%, Cohen's kappa > 0.90) (table 2). Furthermore, the interrater reliability between two raters who used the mobile app was also high (table 2). Testretest reliability was also good among all three raters. Overall, the mobile app of the Guatemala NEMS-S was deemed to have high validity, as the responses matched those of the paper-based version.
Discussion
In Guatemala, the use of a mobile app is both a feasible and a valid method to assess nutrition environment measures in supermarkets. The reliability of this method is also very high when compared with the paper version and remains very high when an experienced and certified NEMS-S rater is compared with a less experienced rater who had equal training and familiarity in the mobile version and no training in the Guatemala NEMS-S paper version. The interrater reliability between the two raters using the mobile app improved from very good to nearly perfect (88% vs. 97% agreement) between the first and second occasions of data collection, which were exactly 1 week apart (same day and time). The survey completion time of the mobile app also dramatically improved after 1 day of data collection. When comparing the two experienced and certified NEMS-S raters on the second day of data collection, the survey completion time of the mobile app was shorter than the paper version. While the completion time of the other, less experienced, mobile app rater did not surpass that of the paper version on the second day of data collection, completion time was dramatically reduced between the two occasions (table 2) . Both certified raters in comparison with the noncertified rater had more experience using the Guatemala NEMS-S as well as working in Guatemalan supermarkets. These differences in experience may have also been part of the reason why the survey completion time of the noncertified rater was still greater than that of either of the certified raters on the second data entry occasion. Therefore, we believe that with more experience practicing the Guatemala NEMS-S mobile app in Guatemalan supermarkets, this format of the Guatemala NEMS-S will take less time overall to complete than a paper version. Also, given that the mobile app is an inconspicuous data collection method, we would still support the recommendation of the NEMS staff that supermarket managers not be approached for permission prior to data collection and that documentation always be available in case the data collectors are approached. Overall, in addition to the NEMS on-line training, we believe that raters can be directly trained using only the NEMS-S mobile app prior to data collection and further additional training in the paper version is not necessary when it will not be used as the data collection tool.
To date, this is the first study that we know of that has specifically assessed the measurement performance of an NEMS-S survey in the form of a mobile app, especially in a low-or middle-income country. In addition to the sound measurement performance of this mobile app, use of the mobile app was also associated with reduced research costs. We did not have to do any photocopying, as would have been necessary with more paper-based surveys. Additionally, there were no time-or financial-related costs of data entry because the data collected are concomitantly entered into the secure Web-based cloud and subsequently downloaded to Excel. Overall, the one-time cost of a new or used mobile phone that can be used repeatedly for many different studies is less than the repeated costs associated with photocopying and data entry. Finally, the great advantage of the mobile app for research use is that no time is spent doing initial data entry and cleaning and it provides instant results in an Excel spreadsheet format. The results provided in Excel are useful for summarizing research data that include the response entered into the mobile app for each survey question that can then be manipulated for data analysis.
The main limitation of this study is its small sample size, consisting of three raters to test the mobile app. A minor limitation related to the Guatemala NEMS-S in the form of a mobile app is that it takes more time to fill out the fruit and vegetable items compared with the paper version due to the formatting constraint in the mobile app that does not allow for "skipping" between fruits and vegetables during data collection. This is a limitation because the layout of fruit and vegetable displays varies widely between stores, so that it is harder to collect data on fruits and vegetables in an order different from that which is presented in the mobile app. The fact that the noncertified NEMS-S rater has less experience in working with the Guatemala NEMS-S than the certified NEMS-S raters may also be a limitation. However, our results indicate that with practice, survey completion time still improves dramatically between a first and a second occasion. Despite these limitations, the Guatemala NEMS-S in the form of a mobile app had both high validity and high reliability and did not cause major problems with supermarket staff. Finally, based on the data collected, it is clear that the availability of some items may change on a weekly basis, so that test-retest reliability may be affected by a change in supermarket stock.
Conclusions
This study shows that a nutrition environment measures survey can be captured with both high validity and reliability with the use of a free and novel mobile app. Moreover, the use of mobile phones to capture data in Guatemala that is classified as a lower-middle-income country, is feasible, especially because it does not require a cellular or Internet signal at the time of data collection. Therefore, the Guatemala NEMS-S mobile app is a valid and low-cost research data collection method that can be used in Guatemala, where multiple languages are often employed in research. Other lowand middle-income countries should consider using a similar mobile app to collect data on nutrition environment measures that affect public health.
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